n 1992, Brugada and Brugada described 8 cases of aborted sudden death in patients without demonstrable structural heart disease but with a characteristic electrocardiogram pattern (Bru-ECG) consisting of right bundle-branch block and ST-segment elevation in leads V1-3. 1 More prominent ST-segment elevation in the right precordial leads has been observed immediately before or after episodes of aborted sudden cardiac death in some patients, 2,3 but asymptomatic patients with Bru-ECG have been described. [4] [5] [6] Brugada et al also reported that the incidence of arrhythmic events is similar in symptomatic and asymptomatic patients with Bru-ECG. 7 These reports suggest that all patients with characteristic Bru-ECG are at risk for sudden cardiac death, but the variety of arrhythmic events associated with the Bru-ECG and the relationship between the occurrence of arrhythmic events and STsegment elevation is unknown. Therefore, we investigated the characteristics of arrhythmic events in patients with the Bru-ECG.
arrhythmic events. Eight patients were having a health examination, 7 were in hospital for diseases other than cardiac disease, and 15 were in the department of cardiology. Twenty-four had 'coved type' and 6 patients had 'saddle-back type' ST-segment elevation on initial presentation (Fig 1) . Ten patients (33%) had family members with aborted sudden cardiac death (eg, case 5 is the father of case 7). Clinical data, including electrocardiographic findings, did not differ between those patients in whom aborted sudden cardiac death (SCD group) occurred and those in whom it did not (non-SCD group) ( Table 1) . None of the patients suffered from chest pain during the appearance of the Bru-ECG. Patients with angina pectoris and acute myocardial infarction were excluded on the basis of laboratory findings, exercise tests or coronary angiography. Echocardiography findings, including cardiac function and cardiac chamber sizes, were normal in all patients. All 22 patients who underwent an exercise test above 6.8 METS had negative findings with decreased or unchanged STsegment elevation. All 14 patients who underwent coronary angiography had normal findings. Programmed electrical investigations were performed in 4 SCD patients and 4 from the non-SCD group. A maximum of 3 ventricular extrastimuli were delivered and 3 of the SCD patients had ventricular fibrillation. Flecainide (2 mg/kg per 10 min) or oral pilsicainide (100-150 mg/day) were administrated to 7 patients and the sodium channel blockers elevated the STsegment in all 7. The ST-segment changed markedly in 28 patients and 2 normalized during the follow-up period.
ECG Measurement
All ECG measurements were performed by a single experienced investigator who was unaware of the clinical information. The QT interval was measured from the beginning of the QRS complex to the end of the T wave and corrected for heart rate using Bazett QT/RR 1/2 . 8 The QRS width was measured from the beginning of the Q wave to the end of the S wave (J point). The ST-segment elevation above the baseline (PR line) was measured at the J point (STj) and 40 ms after the J point (ST40) in lead V2. The other parameters were measured in lead V5.
Characteristic ECG of Brugada Syndrome
A diagnosis of Bru-ECG was based on (1) ST-segment elevation in leads V1 to V2/V3; (2) STj ≥ ST40; (3) ST40 ≥0.2 mV; and (4) characteristic ECG findings as judged by 2 cardiologists.
Detection of Arrhythmic Events
We retrospectively analyzed arrhythmic events in patients with the Bru-ECG and defined their occurrence as either the first appearance of aborted SCD (ventricular fibrillation or syncope), 7 or arrhythmias with antiarrhythmic therapy. We analyzed the arrhythmic events that occurred spontaneously appeared when the patients were not taking any medications, excluding those events induced by electrophysiologic studies, and we compared the ST-segment elevation during the arrhythmic events with the ST-segment elevation on initial presentation.
Results

Arrhythmic Events in Patients With Bru-ECG
Nine patients (30%), including 4 with ventricular fibrillation and 5 with syncope, had experienced aborted SCD (cases 1-9). Onset age was 44±12 years. Paroxysmal atrial fibrillation (AF) was present in 9 of the 30 patients (30%) (cases 7-15). The total arrhythmic events, including aborted SCD and/or paroxysmal AF, occurred in 15 patients (50%).
Characteristics of Arrhythmic Events in Patients With Bru-ECG
Of all arrhythmic events, 93% (14/15 arrhythmic events) occurred at night or early in the morning. Most events at night occurred after dinner, and 92% (13/14 arrhythmic events) had pronounced ST-segment elevation just after the arrhythmic event ( Table 2) . The findings in a 45-year-old man with paroxysmal AF and ST-segment elevation are shown in Fig 2. He had not suffered from aborted SCD and had the 'coved type' STsegment elevation during the arrhythmic event. The STsegment elevation changed to a 'saddle-back type' morphology after the patient was converted to sinus rhythm with disopyramide therapy and the elevation decreased during sinus rhythm. The infusion of flecainide (100 mg/10 min) increased the ST-segment elevation.
Discussion
We have shown that Bru-ECG is associated with a high incidence of paroxysmal AF and aborted SCD, and that ST-segment elevation is most prominent during or immediately after the arrhythmic event.
Characteristic ECG of Brugada Syndrome and Paroxysmal Atrial Fibrillation
Many studies have demonstrated that the Bru-ECG is associated with an increased risk of ventricular tachyarrhythmias, 9 ,10 but we have demonstrated that paroxysmal AF occurs in 30% of patients with the Bru-ECG. Ventricular fibrillation is observed more frequently at night in patients with this syndrome, 11 and it has been suggested that increased vagal activity and decreased sympathetic activity may play an important role in the arrhythmogenesis. 2 In the present study, not only ventricular arrhythmias but also AF occurred at night and early in the morning and based on these findings, we hypothesize that the occurrence of AF in patients with the Bru-ECG may be influenced by autonomic nervous activity, as with ventricular arrhythmias.
A number of drugs, including adrenergic and cholinergic agents, are able to modulate the degree of ST-segment elevation in patients with Brugada syndrome, 12 so STsegment elevation might be influenced by autonomic tone, which should induce malignant ventricular arrhythmias.
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Study Limitations
We did not analyze information on the inducibility of aborted SCD and paroxysmal AF. Furthermore, it is also unknown how ST-segment elevation in the right precordial leads, which represent the reporarization of the ventricle, would induce the electrophysiologic changes in the atria that may cause paroxysmal fibrillation. We speculate that electronic injury exists not only in the ventricular myocardium but also in the atria. We need further long term follow-up studies.
Conclusions
Malignant ventricular arrhythmias and paroxysmal atrial fibrillation occurred frequently in patients with the Bru-ECG and were associated with pronounced ST-segment elevation.
